A phosphoenolpyruvate-dependent sucrose phosphotransferase system has been identified in Streptococcus mutans. Sucrose phosphotransferase activity was inducible by sucrose and had an apparent Km for sucrose of 70,M. The product of the sucrose phosphotransferase reaction was isolated and identified as sucrose phosphate. Additional analysis revealed that the phosphate group was on the glucose moiety. Mutants unable to grow in media containing low concentrations of sucrose were isolated and found to be missing either sucrose phosphotransferase activity or the ability to hydrolyze sucrose phosphate.
A phosphoenolpyruvate-dependent sucrose phosphotransferase system has been identified in Streptococcus mutans. Sucrose phosphotransferase activity was inducible by sucrose and had an apparent Km for sucrose of 70,M. The product of the sucrose phosphotransferase reaction was isolated and identified as sucrose phosphate. Additional analysis revealed that the phosphate group was on the glucose moiety. Mutants unable to grow in media containing low concentrations of sucrose were isolated and found to be missing either sucrose phosphotransferase activity or the ability to hydrolyze sucrose phosphate.
Streptococcus mutans and dietary sucrose have consistently been implicated in the etiology of dental caries. The metabolism of sucrose by this microorganism has therefore received a great deal of attention. It has been found that S. mutans can hydrolyze a small portion of available sucrose by the action of extracellular glucosyl-and fructosyltransferases (11, 12, 14) . The remainder of the sucrose has been thought to be hydrolyzed by invertases (2, 13) .
However, the relatively high Km values for sucrose that have been reported for the extracellular (7 to 20 mM) and intracellular (30 to 140 mM) invertases suggested that these enzymes might function only at high sucrose concentrations (3, 6, 8, 13 ; E. V. Palumbo and B. M. Chassy, Fed. Proc. 33:1315 . In this report, we describe a different pathway for sucrose catabolism, which can function at low substrate concentrations. We have found that sucrose utilization by S. mutans can be initiated by a highly efficient phosphoenolpyruvate (PEP)-dependent sucrose phosphotransferase (PTS) reaction.
(A portion of this work was presented at the 78th Annual Meeting of the American Society for Microbiology, Las Vegas, Nev., 14-19 May 1978.)
MATERLALS AND METHODS
Growth conditions. Stock cultures of S. mutans strain 6715-10 (designated DR0001/1 in our collection) were grown in fluid thioglycolate medium and stored at 40C. All growth experiments were conducted with a chemically defined medium (DM) (15) . Solid media were prepared at one-half strength by mixing equal volumes of DM with a 3% agar solution immediately after autoclaving. Agar plates were incubated in an anaerobic atmosphere (H2-CO2, GasPak). Growth substrates were provided at the following final concentra- (Table 3) . Analysis of sucrose-negative mutants. To assess the possible physiological role of the sucrose PTS system, we attempted to isolate mutants of S. mutans that could not grow at low sucrose concentrations. Two representative mutants are described in Table 4 . The parent strain was capable of inducing both sucrose PTS and PEP-dependent sucrose phosphate-hydrolyzing activities when grown on DM containing 20 mM mannitol plus 5 mM sucrose for induction. The first mutant (DR0001/2) was unable to induce both sucrose PTS and sucrose phosphate-hydrolyzing activities. Addition of sucrose to a culture of this mutant that was actively growing on mannitol did not inhibit growth. The second mutant (DR0001/3) induced sucrose PTS activity but not PEP-dependent sucrose phosphatehydrolyzing activity. Growth of this mutant on mannitol was inhibited by sucrose. This inhibition is most likely due to the intracellular accumulation of sucrose phosphate (4). The PTSnegative mutant (DR0001/2) was also examined for the ability to induce other PTS activities ( Table 5 ). The mutant retained PTS activity for glucose, fructose, mannose, mannitol, sorbitol, lactose, and maltose. This sucrose-negative mutant is, therefore, not a pleiotrophic PTS-negative mutant. In addition, the sucrose PTS activ- ity that we observed in the parent strain could not have been due to the action of one of these other PTS activities on sucrose. Identification ofthe sucrose PTS reaction product. To isolate the product of the sucrose PTS reaction, radioactively labeled sucrose was incubated with PEP and permeabilized cells of strain DR0001/3. This mutant had sucrose PTS activity but lacked sucrose phosphate-hydrolyzing activity (Table 4 ) and, unlike the parent strain, permitted the accumulation of the suspected intermediate sucrose phosphate. Analysis of the reaction products by thin-layer chromatography revealed that the radioactively labeled sucrose was converted to a compound that migrated more slowly than either the glucose 6-phosphate or fructose 6-phosphate standards, as would be expected if sucrose had been phosphorylated. The unknown compound was eluted from the chromatogram and characterized further (Fig. 1) . A sample of the unknown was rechromatographed and detected in fraction 6 of the chromatogram. After treatment of a portion of the unknown sample with alkaline phosphatase (5 U; pH 10 at 37°C for 10 min), the product cochromatographed with the sucrose standard. This result confirmed that the unknown was sucrose phosphate. A sample of the unknown was also subjected to mild acid hydrolysis (0.1 N HCl for 10 min at 1000C) in order to cleave the glycosidic bond. Analysis of the product revealed two equivalent peaks of activity that comigrated with the glucose 6-phosphate and fructose standards. The product of the PTS reaction is therefore sucrose phosphate, and the phosphate group is situated on the glucose moiety. DISCUSSION S. mutans has been shown to possess a PEPdependent sucrose PTS activity that can initiate the catabolism of sucrose. This reaction is specific for sucrose because sucrose PTS activity was only induced in cells that were grown on sucrose. The product of this reaction was isolated and identified as sucrose phosphate, with the phosphate group being situated on the glucose moiety. A sucrose phosphate-hydrolyzing activity was also detected. Hydrolysis of sucrose phosphate would be expected to yield glucose 6-phosphate and fructose. The intracellular fructose that is generated can be metabolized further by a specific fructokinase that has been identified in this strain (E. V. Porter, personal communication). Mutant analysis has confirmed the physiological role of this pathway, because mutants that are unable to metabolize low concentrations of sucrose were found to be missing either sucrose PTS or sucrose phosphate-hydrolyzing activity. The most significant difference between this PTS-initiated pathway of sucrose dissimilation and the other pathways that are present in S. mutans lies in its efficiency. The sucrose PTS reaction has an apparent Km for sucrose of 70 ,.M, which would permit it to function as an effective scavenger of low levels of sucrose from its environment. Transport of sucrose via a PTS reaction versus a permease is also more economical because the energy of only one high-energy phosphate bond is required to both transport and phosphorylate sucrose (1) . This ability would thus be expected to play a major role in the ecology of S. mutans by permitting it to compete effectively for the utilization of dietary sucrose within the oral cavity.
